Background
As a defect in the cardiac conduction system, right bundle branch block (RBBB) is determined when electrocardiogram (ECG) shows a notched R wave typically displayed as an M-shaped rsr' complex, secondary ST-T change in lead V1, slurred S wave in lead I, and V6 with right axis deviation. QRS duration exceeding 120 ms indicates complete RBBB. The RBBB itself is more vulnerable to damage due to its anatomic nature as a superficial branch with limited blood perfusion compared with the left bundle branch block (LBBB). Epidemiologically, the prevalence of RBBB increases in the elderly population. Much more common than LBBB, the presence of RBBB in a young and healthy person usually does not indicate a pathological condition with clinical relevance. RBBB is basically considered a benign ECG finding without accompanying disease. However, in other cases, RBBB may be associated with underlying pulmonary and heart disease, such as cor pulmonale, pulmonary embolus, ischemic heart disease, rheumatic heart disease, myocarditis, degeneration of cardiac conduction system, and congenital heart disease.
Acute myocardial infarction (AMI) occurs when sudden blockade of the coronary artery stops blood perfusion to the myocardium. Most AMIs are caused by coronary artery disease, in which the rupture of an unstable atherosclerotic plaque plays an importance role. Since the pre-thrombolytic era, observational studies have been conducted to investigate the association of RBBB and the prognosis in AMI, but the results remains uncertain. Some studies showed RBBB was associated with larger infarct size, heart failure, ventricular arrhythmias, death, and poorer outcomes [1] [2] [3] [4] [5] [6] , while others did not find a significant prognostic value of RBBB in AMI [7] [8] [9] [10] [11] [12] . To the best of our knowledge, no meta-analysis has been performed to study the effect of RBBB on the prognosis of AMI. Therefore, we conducted this systematic review and meta-analysis to evaluate the association of RBBB and risk of mortality in patients with AMI.
Material and Methods

Search strategy
Two authors (Li Xiang and Anyuan Zhong) independently searched the PubMed, Embase, and Cochrane databases to identify relevant studies published up to January 13, 2015, using the key words "RBBB", "mortality", "AMI", "Coronary Heart Disease (CHD)", and "cardiovascular". A manual search of the reference of retrieved studies for additional relevant publications was also performed.
Inclusion criteria
Studies were included if they met the following criteria: (1) used a well-defined cohort design or case-control design; (2) clearly stated RBBB as a major exposure in patients with AMI; (3) and presented odds ratios (OR) for mortality with a 95% confidence interval (CI) or reported sufficient data to calculate these parameters.
Data extraction
Data extraction was performed independently by 2 investigators (Li Xiang and Anyuan Zhong). The following information and data were extracted: names of the first authors, publication year, study design, sample size, study population, duration of follow-up, endpoints, country, OR with 95% CI, and adjusting factors. The endpoints included in-hospital death, long-term mortality, and all-cause mortality. Disagreements between reviewers were solved by discussion with a third author (Tao You) and consensus.
Statistical analysis
Dichotomous data were analyzed using an OR with 95% CI. Heterogeneity among studies was assessed using Cochrane's Q test and I² test. A DerSimonian Laird's random-effects model was applied to pool the ORs when considerable heterogeneity was indicated by I 2 >25% or P<0.10; otherwise, the fixed-effects model was used to attain the summary estimates. Sensitivity analysis was performed to determine the influence of each study on the overall results by excluding studies sequentially. Funnel plots and the Egger's test were adopted to evaluate the potential publication bias [13] . Statistical analyses were performed using Stata software version 11 (StataCorp LP, College Station, Texas), and a 2-sided p value £0.05 was considered statistically significant.
Results
Search results and study characteristics
The workflow of identifying eligible studies is shown in Figure 1 [4, [14] [15] [16] [17] [18] [19] [20] [21] . There were 4266 studies identified through database searches, including 505 from PubMed, 3644 from Embase, and 117 from Cochrane. After reviewing titles, excluding the duplicates or irrelevant studies and reviewing abstracts, 32 full-text articles entered the detailed review. Subsequent full-text review helped to exclude 20 studies that did not report patients with CHD, 1 study on patients with chronic coronary artery disease, and another study investigating patients with angina pectoris. Finally, we included 10 published studies with full text in this meta-analysis. The characteristics of each 999 study are displayed in Table 1 . There were a total of 63 103 patients from 10 studies with ST-elevated myocardial infarction (STEMI) and non-ST-elevated myocardial infarction (NSTEMI).
RBBB and the risk of total mortality
We conducted a random-effects meta-analysis and found that the presence of RBBB in patients with AMI was associated with a significantly increased risk for total mortality (OR 1.56; 95% CI: 1.44 to 1.68). In accordance, I
2 was 73% (P<0.001) (Figure 2 ), indicating considerable heterogeneity across included studies.
Subgroup analysis
We performed subgroup analysis subject to the time of mortality. Both the in-hospital mortality (OR 1.94, 95% CI=1.60 to 2.37, p=0.002) and the long-term mortality (OR 1.49; 95% CI=1.37 to 1.62, P<0.001) were shown to be significantly increased in association with RBBB ( Figure 2 ). This heterogeneity could not be resolved by the aforementioned subgroup analysis.
Sensitivity analysis
The results of a sensitivity analysis showed that exclusion of each study individually did not yield substantial impact on the summary OR, which maintained consistency during repetitive evaluation with a random effects model, indicating favorable stability of the current results from meta-analysis ( Figure 3 ).
Publication bias
A funnel plot for the 10 eligible studies showed that balanced diffusion was shown in Figure 1 , suggesting no considerable publication bias across included studies. Egger's regression was used for confirmation and yielded a similar result ( Figure 4 ).
Discussion
Traditionally, RBBB was considered an isolated ECG finding with minor clinical relevance. However, growing evidence from a variety of clinical observations focusing on both cardiac and non-cardiac disease has revealed the potential risk of this once so-called benign ECG pattern. The prognostic value of RBBB is thought to be related to underling disease. Of note, a number of investigations looking into ischemic heart disease showed that RBBB due to AMI might be associated with the severity of disease and act as a predictor for adverse outcome. In this case, extensive infarction impairing the bundle branch may act as the underlying mechanism. Interestingly, some large-scale registries involving the general population also showed that RBBB was associated with long-term mortality even in those who did not have a previous history of cardiovascular disease.
The clinical characteristics and prognosis of AMI patients accompanied by branch bundle block (BBB), including LBBB and RBBB, have attracted growing interest from physicians since the 1970s [22, 23] . In 1999, the ACC/AHA Guideline for the management of patients with ST-Elevation myocardial infarction suggested that the symptom of chest pain accompanied by LBBB should be managed like ST-segment elevation. Despite development of evolving medical treatments in the past few years, patients who have AMI associated with LBBB have been found to have worse short-and long-term outcomes [24] [25] [26] . In 2012, both ESC and ACC/AHA guidelines for patients with ST-elevation myocardial infarction listed new-onset LBBB as an indication for emergency revascularization. LBBB has been determined to be an independent predictor of poor prognosis in AMI, while the prognostic value of RBBB in AMI has not yet been proved. In the past few years, there have been only a few relevant observations, which did not yield a consistent result. The impact of RBBB on mortality risk was reported in a number of cohort and retrospective studies. Antonio et al. 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License found that the development of RBBB was an independent predictor for increased mortality in patients with AMI [2] . Emmanouil et al. indicated that patients with RBBB at the onset of AMI had lower left ventricular function, whereas both in-hospital and long-term mortality appeared higher than in those cases without a conduction block [4] . Mayra et al. reported that in the presence of RBBB, patients with AMI developed more co-morbidities and had a higher mortality risk [15] .
In addition, Thomas et al. revealed that RBBB in patients with STEMI rather than NSTEMI was associated with increased inhospital and long-term mortality [16] . According to the study by Sameer et al. looking into patients with angina, higher longterm cardiovascular mortality was seen in patients with RBBB compared to those without bundle branch block [27] . Francois et al. showed that both in-hospital and 1-year mortalities were significantly increased in patients with RBBB, despite basic AMI -acute myocardial infarction; STEMI -ST-elevated myocardial infarction; PCI -percutaneous coronary intervention;CK -creatine kinase; LVEF -left ventricular ejection fraction; NSTEMI -non ST-elevated myocardial infarction; eGFR -estimated GFR; WMI -wall motion index; COPD -chronic obstructive pulmonary disease; HF -heart failure; HR -heart rate; SBP -systolic blood pressure. cardiac conditions, such as heart failure or myocardial infarction [17] . Christian et al. studied patients with compromised LV ejection fraction from the TRACE trial and found that RBBB was a predictor of mortality risk [19] .
1001
According to previous studies, compared with patients without bundle branch block, patients with RBBB showed the following features: there are more patients with advanced age and male sex [2, 4, [14] [15] [16] [17] 19, 20] and more patients with a past medical history 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License of diabetes mellitus or hypertension [2, [14] [15] [16] 19] . However, Satoshi et al. reported that there was no significant difference in the comorbidity of diabetes mellitus or hypertension between those with and without RBBB. Conversely, Antonio et al. even found the opposite result, indicating there were more comorbidities in patients without bundle branch block compared with those with RBBB. David et al. showed that RBBB in patients with anterior wall myocardial infarction was also correlated with lesions of the left anterior descending artery [14, 18, 20, 21] ; multiple studies have also demonstrated higher in-hospital and longterm mortality in patients of AMI with RBBB [2, 4, [14] [15] [16] [17] [18] [19] [20] [21] , and the rate of death was even similar to LBBB [4] . There are conflicting results: Francois Ricou indicated that the occurrence of RBBB in patients of AMI was an independent predictor of long-term morality [17, 18] , but did not present the same value for in-hospital mortality [16, 17] ; persistent RBBB was considered to be a stronger predictor for death in transient RBBB [20] .
The prognostic value of RBBB on mortality outcome may be explained by its effect on a series of confounding factors in AMI. Spectacularly, a number of studies revealed that RBBB is sometimes associated with a history of AMI [4, 14, 17, 19] ; regardless of reperfusion therapy using percutaneous coronary intervention (PCI) [14] or coronary artery bypass graft (CABG) [15] . Patients with RBBB showed more obvious clinical manifestations such as angina [19, 20] , tachycardia [2, 4, 16] , higher Killip [2, 4, 14] and New York Heart Association (NYHA) class [19] . In the case of laboratory tests, the peak levels of myocardial necrotic markers including Creatine kinase (CK), Creatine kinase-MB (CK-MB), and Cardiac troponin I (cTnI) were significantly elevated in patients with RBBB [2, 14, 15, 21] according to David et al. Additionally, RBBB was reported by Christian et al. as a predictor for elevated estimated GFR (eGFR) [19] . Structurally, a series of studies demonstrated that the left ventricular ejection fraction (LVEF) was lower in patients with AMI in the presence of RBBB compared with those without RBBB [2, 4, 14, 19] . Thomas et al. further classified and confirmed the same results in the STEMI group but not in the NSTEMI group. Christian et al. showed that patients with AMI accompanied by RBBB had higher wall motion index (WMI) [19] . In both STEMI and NSTEMI patients, RBBB was associated with higher comorbidity of heart failure, high degree atrioventricular (AV) block, and major bleeding as well as cardiogenic shock [2, 14, 16] . In this meta-analysis, considerable heterogeneity existed among studies, even in a sub-group analysis according to different country or origin, follow-up duration and study type. This indicates that other confounding factors may contribute to the overall heterogeneity. Nevertheless, the result of the meta-analysis was still considered stable after correction for publication bias and sensitivity.
Brilakis et al. defined newly diagnosed RBBB as those present on admission but not recorded on previous ECG within the preceding year, while pre-existing RBBB as those present in any previous ECG. They showed that the newly diagnosed RBBB was associated with significantly higher in-hospital mortality compared with pre-existing RBBB (33.5% vs. 5.3%) [4] , which is consistent with the result reported by Hod et al. (39% vs. 8.8%) [22] . Wong CK et al. reported that the 30-days mortality in patients with newly diagnosed and pre-existing RBBB was 33% and 11.6%, respectively. [21] . The pre-existing RBBB can be seen appears in patients with cardiomyopathy, valvular disease, pulmonary disease, as well as in healthy population., Generally, no clinical intervention is considered in those with RBBB but no symptoms. However, newly diagnosed RBBB associated with AMI often suggests left anterior descending branch lesion, proximal occlusion of coronary artery and larger infarct size. It is also associated with complications including heart failure, arrhythmias and increased mortality rate.
The current meta-analysis shed substantial light on the current knowledge of RBBB in AMI, different from previous studies, which mainly discussed LBBB. The sample size of this study included over 60,000 patients, with the longest follow-up time of nearly 15 years. Both in-hospital and long-term mortality were considered in this study, as well as total mortality.
Our study revealed that the presence of RBBB in AMI increased mortality rate both in hospital, long term, and in total, and the long-term mortality rate is the most high; all of them has statistical significance. Thus, early identification of RBBB associated with AMI can help the clinician to develop targeted treatment programs and further improve the long-term prognosis of patients.
A previous meta-analysis showed that RBBB in heart failure is related to a higher mortality rate compare to normal conduction. Until now, different results from studies have looked into the role of RBBB in AMI. This meta-analysis pooled cohort studies on the prognostic power of RBBB for mortality outcomes 
